Introduction
[2] Mid-ocean ridge plate boundaries are typically narrow, with seismicity clustered spatially within 10-20 km of the spreading axis [Sykes, 1967] . More diffuse zones of deformation, however, have been recognized in some oceanic regions. One such area occurs along the boundary between the Indian and Australian (or Capricorn) Plates within the near-equatorial regions of the Indian Ocean Basin [Wiens, 1985; Wiens et al., 1985, Royer and . It has been proposed that the relative motion of the Indian and Australian Plates can be described by a pole of rotation near 5°S, 74°E, resulting in diffuse north-south compression to the east of the pole and diffuse north-south extension between the pole and the Central Indian Ridge (CIR) to the west DeMets et al., 1994] . This letter describes a large magnitude fracture-zone earthquake within this western zone of extension ( Figure 1 ) and explores its impacts on the CIR system.
Synopsis of Mainshock-Aftershock Activity
[3] On 15 July 2003, a 7.6 Mw earthquake occurred adjacent to the northern CIR, the boundary separating the Somalian Plate from the Indian and Australian Plates. The event's epicenter lies near the eastern edge of a relatively short ($60 km long) right-stepping transform that offsets northwest-trending spreading segments diverging at a fullrate of 36 mm/yr (Figure 2 ) [Drolia et al., 2000] . Since 1976, only 12 shallow (<40 km depth) strike-slip events (null axis plunge >45°) of equal or larger magnitude have been recorded within the global Harvard Centroid Moment Tensor (HCMT) catalog.
[4] A total of 80 locatable aftershocks occurred in the 71 days following the mainshock. The rate of aftershock production approximates the modified Omori law [Utsu et al., 1995] , with a decay constant ( p-value) of 0.95 ± 0.12 (1s) estimated from the occurrence times of the largest 28 aftershocks having Reviewed Event Bulletin (REB) body-wave magnitudes !4.1 [see Granville et al., 2002] . This p-value is consistent with the global median of 1.1 [Utsu et al., 1995] and values reported for aftershock sequences on the Discovery ($130 mm/yr), Siqueiros ($110 mm/yr) and Western Blanco ($60 mm/yr) Transforms in the Pacific Ocean [Bohnenstiehl et al., 2002] .
[5] Together, the seismically-and hydroacousticallyderived epicenters (see Section 3.0) show a linear band of aftershocks extending 210 ± 25 km off-axis along the fracture zone extension of a right-stepping transform (Figure 2 ). These aftershock events are interpreted as delineating the length (L) of the mainshock rupture. As the well-constrained epicenter of the mainshock lies to the southwest of its moment centroid position and near the southwestern edge of this aftershock zone, the rupture appears to have propagated from the plate boundary-breaking into the Indian Plate along the fracture zone (Figure 2 ). The largest aftershock, which appears to be a triggered event, is two magnitude units smaller than the mainshock (5.6 Mw). It occurs $12.3 days into the sequence on the active portion of a neighboring transform (Figure 2) .
[6] The moment tensor solution for the mainshock indicates dominantly right-lateral slip with a near vertical nodal plane striking parallel to the aftershock trend. The rightlateral sense of slip opposes the left-lateral slip along the adjacent active transform and is consistent with reactivation due to the predicted north-south extension of $3 mm/yr across the diffuse Indian-Australian Plate boundary [Wiens, 1985; Wiens et al., 1985] . The initiation of the mainshock rupture immediately adjacent to the CIR axis may reflect differential thermal stresses [e.g., Wiens and Stein, 1984] , the weakness of this youngest portion of the fracture zone or the concentration of stress due to the notch-like structure of GEOPHYSICAL RESEARCH LETTERS, VOL. 31, L02615, doi:10.1029 /2003GL018981, 2004 Copyright 2004 by the American Geophysical Union. 0094-8276/04/2003GL018981$05.00 plate boundary's ridge-transform geometry. The focal mechanism and location of a 5.5 Ms earthquake that occurred in 1973 suggest that this fracture zone, or perhaps its southern neighbor, may have been activated previously [Wiens and Stein, 1984] (Figure 1 ). Although near-axis seismicity is concentrated within the 5 -8°S region, these events indicate that a zone of significant moment release extends as far north as 1°S.
Data and Hydroacoustic Location Methods
[7] Teleseismically-derived location parameters were taken from the REB and Preliminary Determination of Epicenters (PDE) seismic catalogs. Regional seismic phases (Pn, Sn), as well as oceanic T-waves, also were recorded at a triad of hydroacoustic sensors located to the north of the Diego Garcia atoll, $500 km southeast of the mainshock rupture ( Figure 1 ). To verify the accuracy of the teleseismic locations, single-station locations were computed using Tand Pn-arrival information. T-wave arrival time differences, derived from waveform cross-correlation, were used in a plane wave fitting inversion to determine the horizontal slowness components and estimate the back-azimuth to the epicenter [Del Pezzo and Giudicepietro, 2002] . Distances were calculated using Pn-T travel time differences, assuming upper mantle velocities of 8.1 km/s and T-wave propagation speeds of 1.485 km/s. Although the length of the mainshock's hydroacoustic coda obscured Pn arrivals during the early part of the sequence, 45 of the 80 events in the seismic catalog could be located using this method.
Rupture Dimensions and Scaling
[8] The downdip width (W) of the rupture can be constrained by the near-axis thermal structure [e.g., Engeln et al., 1986] . Slip inversion studies focused on transform and Together these datasets define a 210 km long band (thin white line) of seismicity that extends from the CIR plate boundary (gray line) along the fracture-zone (FZ) trace. The median error ellipse for seismic earthquake locations is shown in the lower right hand corner. Individual seismic error ellipses and corresponding single station T-wave locations (indicated by thin red lines) are shown for aftershocks that appear to be associated with ''off-fault'' structures. The largest aftershock is well constrained by the seismic and T-wave locations to lie on transform T3 and exhibits a left-lateral sense of slip that is consistent with the active transform slip direction. Epicenters to the south of the mainshock may align with a neighboring fracture-zone trace; however, the single station T-wave locations do not confirm this.
off-axis strike-slip activity have shown that most seismic slip is constrained above the depth of the 600°C isotherm, which corresponds to the approximate onset of plastic deformation within the oceanic lithosphere [Engeln et al., 1986; Abercrombie and Ekstrom, 2001] . Figure 3 shows a thermal cross-section (half-space model) along the active transform and fracture-zone trace on the eastern flank of the ridge axis. The predicted thermal structure allows for a significant along-strike increase in the depth of rupture. This geometry is extreme relative to predicted rupture geometries on active transforms, where increasingly younger and older lithosphere are juxtaposed [Engeln et al., 1986; Abercrombie and Ekstrom, 2001] or those within the interior of the plate, where a nearly horizontal thermal structure is predicted [Wiens and Stein, 1984] .
[9] Using the aftershock data to define L and the predicted thermal structure to constrain W, the rupture area (A) is estimated to be between 2300 and 3200 km 2 . Given the observed seismic moment (M o ) of 2.87 Â 10 20 N-m and the relationship M o = mdA, where d is the mean slip and m the shear modulus (35 GPa), an average fault slip of 3.0 ± 0.5 m is estimated. Across the length of its rupture, this slip event accommodates a north-south extension that is equivalent to $700 years of predicted Indian-Australian plate motion at these longitudes.
[10] The rupture dimensions imply a stress drop of 4.5-6.5 MPa for this event, which is intermediate between typical interplate ($3 Mpa) and intraplate ($10 Mpa) stress drops, as proposed based on a global compilation [Kanamori and Anderson, 1975] . Recent oceanic intraplate events within the Wharton Basin (two 7.9 Mw earthquakes in June, 2000) and the Antarctic Plate (8.1 Mw earthquake in March, 1998) exhibit somewhat higher stress drops of $10 -20 MPa [Abercrombie et al., 2003] and $16 MPa , respectively. It has been suggested that lower stress drops in the interplate setting might reflect less fault healing between more frequent ruptures [Kanamori and Anderson, 1975] . Although the 15 July mainshock does not rupture the active CIR plate boundary, there is an anomalous level of near-axis earthquake activity associated with the young fracture zones within the area (Figure 1) Radha Krishna et al., 1998 ]. Therefore, somewhat lower stress drops might be expected for CIR fracture-zone earthquakes, relative to the Wharton Basin events, which occur along much older fracture zones ($70 Ma), or the Antarctic Plate event, which is not associated with any obvious structural weakness.
Impacts on the Central Indian Ridge Plate Boundary
[11] Since the rotation between India and Australia began around 11Ma, $20 km of extension is predicted across the western portion of their diffuse boundary . In the near-axis regions of the CIR, this divergence is accommodated by fracture-zone reactivation and presumably a counter-clockwise rotation of the blocks between the fracture zones [Wiens, 1985] . Seismic observations and available morphologic data [Kamesh Raju, 1997; Drolia et al., 2000] , however, do not show evidence for resulting CIR plate boundary reorganization [cf. Pockalny et al., 1997] . This likely reflects the low long-term strain rates along fracture zones, a consequence of the slow divergence ($3 mm/yr) and diffuse nature of the Indian-Australian boundary within the region.
[12] To investigate the short-term (co-seismic) interaction between right-lateral near-axis fracture earthquakes and the CIR (Figure 1 ), static stress changes resulting from the 15 July mainshock are modeled using a finite-fault source within an elastic half-space [King et al., 1994] . A set of rectangular sub- faults with a constant slip of 3.0 m is used to approximate the source geometry shown in Figure 3 , with a rigidity of 35 GPa and a Poisson's ratio of 0.25. Figure 4a shows the change in coulomb failure criteria (ÁCFC) [King et al., 1994] on a set of vertical left-lateral receiver faults trending N 45°E (i.e., the active transforms). ÁCFC = Ás f + m 0 Ás n , where Ás f is the change in shear stress ( positive in the direction of slip), Ás n is the change in normal stress (positive for unclamping), and m 0 is the apparent friction. Assuming partially serpentinized lithosphere, m 0 is taken to be 0.4 [Estcartin et al., 2001 ].
[13] Our model indicates that the right-lateral mainshock should promote left-lateral slip (+ÁCFC) on the active portions of neighboring transforms (T2, T3) (Figure 4a ). Consistent with this prediction, the largest aftershock, a 5.6 Mw left-lateral earthquake, is located on the active portion of transform T3, $160 km northwest of the mainshock rupture. Our model also shows that left-lateral slip on the adjacent active transform T1, extending southwest from the mainshock rupture, should be inhibited (ÀÁCFC) and that a right-lateral sense of slip is instead promoted. The distribution of aftershocks indicates that the rupture did not propagate into the active portion of T1 ( Figure 2) ; this likely reflects earlier left-lateral loading in response to the differential motions of the plates across the transform. Since 1976, at least one leftlateral event of significant size has occurred on the active transform, a 5.6 Mw event in March of 1979 (Figure 1) .
[14] With regard to the spreading centers, static stress changes will tend to reduce ridge-normal compressive stresses (Ás n ) along the portion of the CIR axis to the north of the mainshock, with an increase in ridge-normal compression to the south (Figure 4b ). This will tend to promote and impede ridge parallel diking and normal faulting within these respective regions. In contrast, due to their geometry and sense of slip, active transform earthquakes tend to promote ridge-normal extension on the segments to either side of the transform.
[15] Magnetic studies along the sections of the CIR that adjoin the Indian-Australian diffuse plate boundary have shown inter-segment variability in the rate and asymmetry of spreading, which may be accommodated by small jumps of the neovolcanic zone occurring during a short time interval [Kamesh Raju et al., 1997; Drolia et al., 2000] . Although they may be infrequent, with recurrence times on the order of $10 2 -10 3 yrs, it is possible that mega fracture-zone earthquakes contribute to this process by influencing the position of subsequent dike intrusion events (Figure 4b ). On average, a one-meter wide dike must be emplaced every 30 years along the northern CIR-a frequency comparable to the decadal scales of post-seismic stress relaxation. This is unlikely to be the sole mechanism, however, since small-offset ridge jumps are not unique to the CIR [e.g., Kleinrock et al., 1997] .
